Objective: In acute type A dissection long-term results of conservative aortic root surgery were compared with the outcome of primary valve and/or root replacement. Methods: Between 1985 and 1995, 199 patients (mean age 59 years, 154 men) were operated on. The aortic root was involved in the dissection process and valve incompetence of varying degree was present without exception. Replacement of a proximal aortic segment was standard procedure in all patients. The aortic valve was preserved in 126 patients: commissural suture resuspension (12 patients), root reconstruction with GRF-glue (gelatine-resorcin-formaldehyde/glutaraldehyde-glue) (114 patients).
Introduction
In acute dissection of the ascending aorta undelayed surgery is the therapy of choice with superior results compared with conservative treatment [1] [2] [3] . During the emergency operation important decisions have to be taken by the surgeon concerning the extent of aortic replacement and the application of appropriate surgical techniques. One of the key questions is whether the aortic root and/or aortic valve can be safely preserved. Handling of the dissected aorta is most demanding and technically difficult. Therefore, a more conservative approach preserving pertinent structures and avoiding extensive suturing and anastomoses seems reasonable, especially in view of bleeding complications. Avoiding the implantation of foreign material could additionally reduce the risk of endocarditis and thromboembolism. The dissection process and the related pathology of the aortic wall are mostly diffuse and widespread. This aspect would favor a more complete replacement procedure in order to prevent recurrent dissection and future aneurysmatic or degenerative changes of the aortic root indicating reinterventions. In view of these controversies we have evaluated our early and late surgical results of type A dissection. Conservative and valve preserving techniques were compared with primary valve and/or root replacement.
Materials and methods
Between 1985 and 1995, 199 patients (mean age 59 years, 154 men) had emergency surgery for acute type A aortic dissection (Stanford-classification [4] ) at the University Hospital of Zurich, Switzerland. The mean interval between onset of symptoms and operation was 13.2 h (minimum 5 h, maximum 24 h, SD ± 6.6 h). Clinical data were obtained by a retrospective review of hospital records. Postoperative follow-up data contain periodical follow-up reports of cardiologists and written and/or telephone communication with the patients or their physicians. A follow-up of more than 1 month was known in 143/152 early survivors (94%) with a mean duration of 37.4 months (maximum 133 months) totaling 617 patient-years. Demographic and preoperative clinical data are listed in Table 1 .
In 90% of patients the diagnosis of acute dissection was based on echocardiography in conjunction with the recent medical history. In the whole study population, the aortic root was involved in the dissection process and aortic valve incompetence of varying degrees was diagnosed without exception.
Replacement of an aortic segment including the ascending aorta was standard procedure and performed in all 199 patients. In 126/199 patients (63%) the aortic root including the valve could be preserved. In 114/126 patients (91%) of this conservative group root-and valve reconstruction was performed using GRF-glue (gelatine-resorcin-formaldehyde/glutaraldehyde glue (Trigon GMBH, Mönchenglad-bach, Germany). In the remaining 12/126 patients (9%) valve and/or root reconstruction was performed using commissural suture resuspension.
In 73/199 patients (37%) the aortic valve or the complete aortic root were replaced. Root replacement by composite graft insertion was performed in 50/73 patients (69%). Marfan's disease or clear annuloaortic ectasia indicated complete root replacement with a composite graft. In 23/73 (31%) patients prosthetic aortic valve insertion was performed together with supracoronary graft replacement of the ascending aorta. The implanted aortic valve prosthesis was mechanical in 64 patients and biological in nine patients.
A total of 18 patients had a known history of coronary artery disease. In the preoperative evaluation a relevant coronary artery disease was found in 15 patients of the replacement group (21%) and in 17 patients of the conservatively treated group (14%) all of whom had simultaneous coronary artery bypass grafting (CABG).
Surgical technique
A standard median sternotomy was performed and total cardiopulmonary bypass was instituted by cannulation of the femoral artery and the right atrium. Hypothermic circulatory arrest was applied in a total of 108 patients (54%) for the performance of an open distal anastomosis and for arch replacement. In all 199 patients retrograde cold blood cardioplegia with high potassium content was applied for cardioplegia using a transatrial cannulation of the sinus venosus. The left heart was vented through a transmitral catheter.
In the root/valve replacement group mean aortic crossclamp time was 90 ± 31 min, circulatory arrest time was 16.9 ± 9.7 min and extracorporeal circulation time was 155 ± 79 min. In the root/valve preservation group the corresponding figures were 60 ± 22 min (P Ͻ 0.0001), 18.3 ± 8.9 min (P = 0.389342) and 122 ± 63 min (P = 0.000038).
Graft replacement
In all 199 patients a variable segment of the proximal aorta was replaced by a Dacron polyester tube graft. The extent of aortic replacement was principally determined by the localization of the entry tear. Arch replacement was performed in case of aneurysmal dilatation, impending rup- ture or if this aortic segment contained an intimal rupture. In the preservative group arch replacement was performed in 41/126 (33%) patients (total arch, three patients; hemiarch, 38 patients). In the replacement group 21 (29%) patients (P = 0.5797) had arch replacement (total arch, three patients; hemiarch, 18 patients).
For composite graft implantation the open technique with resection of the diseased aortic segment and reimplantation of the coronary ostia with an aortic button [5] was applied in 16/50 patients (32%). The inclusion technique (wrapping of the graft with remnant aortic wall) was used in 34/50 patients (68%). In 15 patients with graft inclusion (44%) the perigraft space was decompressed with a shunt to the right atrium [6] . In 153 patients (supracoronary graft, 114; composite graft, 16; AV replacement + supracoronary graft, 23) the dissected aortic wall at the level of the distal graft to aorta anastomosis was readapted with GRF-glue in order to reinforce the aortic wall tissue and to get a more secure and reliable anastomotic suture. The adhesive was warmed to 45°C and applied in two components on a dry and bloodless field. With special clamps corresponding wall segments were held in anatomic position. With an intraluminal Fogarty balloon they were kept under pressure for 3 min until glue polymerization. With a second balloon, placed several cm distal into the aortic arch or into the proximal descending aorta, a disappearance of glue into an extended distal dissection was avoided.
Conservative treatment of the aortic root
A similar gluing technique was used for the reconstruction of the aortic root and the proximal aorta to graft anastomosis in 114 patients. Dissected valve commissures were anatomically repositioned and fixed with the tissue adhesive. Care was taken not to contaminate the aortic valve or the coronary ostia.
In 12 patients root reconstruction was performed using transmural and pledgetted resuspension sutures of the valve commissures. All graft to aorta anastomoses were secured with an external Teflon felt strip. If the dissection extended into the aortic arch and/or the descending aorta reperfusion was performed in an antegrade fashion by cannulation of the graft in order to avoid retrograde redissection.
Statistical analyses
The Statistica software package (Stat Soft, 1993) and SPSS (SPSS, Chicago, IL) were used for statistical analysis. Continuous variables were summarized as the mean ± SD. Survival and event-free probabilities ± SE were calculated by actuarial analyses [7] . Differences between survival curves were estimated using the log-rank test. Predictors for mortality and reoperation were determined by univariate and multivariate analysis. In univariate analysis discrete variables were analyzed by the Chi 2 or Fisher's exact test. Continuous variables were analyzed by the Mann-Whitney test. Statistical significance was associated with a P-value of less than 0.05. Selected variables were entered into multivariate analysis by a stepwise logistic regression or by Cox proportional hazard regression to determine independent predictors. The following variables were tested: age, gender, Marfan disease, operation-period, diameter of aortic annulus and of ascending aorta, unstable preoperative hemodynamics, pericardial tamponade, preoperative renal failure, preoperative neurologic disorder, severe aortic regurgitation, severe degeneration of aortic valve, reduced LVEF, inclusion technique, aortic root replacement, valve replacement, mechanical or biological valve prosthesis, suture resuspension of aortic valve, replacement of aortic valve and of supracoronary aorta, root reconstruction with GRFglue, aortic arch replacement, CABG, aortic cross-clamp time, ECC duration, duration of circulatory arrest, perioperative myocardial infarction, low cardiac output, rethoracotomy.
Results
Early mortality in all 199 patients was 23.6% (47/199 patients). In the valve/root-replacement group early mortality was 20.6% (15/73 patients) compared with 25.4% (32/ 126 patients) in the valve/root-reconstruction group (P = 0.43767). In the subgroup with root reconstruction the resuspension technique had an early mortality of 8.3% (1/ 12 patients; 95% confidence limits: 0-26%) compared with 27% (31/114 patients; 95% confidence limits 19-36%) in the GRF group (P = 0.2931).
Univariate significant predictors for early mortality were: age (P = 0.0017), preoperative unstable hemodynamic situation (P = 0.0512), pericardial tamponade (PϽ 0.0001), aortic valve morphology (P = 0.0281), inclusion technique (P = 0.0198), simultaneous coronary artery bypass grafting (P = 0.0034), duration of extracorporeal circulation (P Ͻ 0.0001), perioperative infarction (P = 0.0034), postoperative low cardiac output (P Ͻ 0.0001). Independent significant risk factors for early mortality were: gender (P = 0.0250, relative risk 2.7341), pericardial tamponade (P = 0.0001, relative risk 7.2506), severe valve degeneration (P = 0.0057, relative risk 4.2070), duration of extracorporeal circulation (P = 0.0069, relative risk 1.0085/ min), perioperative infarction (P = 0.0056, relative risk 4.9381), postoperative low cardiac output (P = 0.0386, relative risk 2.4534).
Overall survival was 76.4 ± 3.0% after 30 days, 71.4 ± 3.3% after one year and 61.3 ± 4.4% after 8 years. Survival was not significantly different (P = 0.13746) between the two principal treatment groups (valve/root preservation vs. valve/root replacements, Fig. 1 ) and between the two subgroups of root reconstruction (suture resuspension vs. GRFglue reconstruction, P = 0.47930; Fig. 2 ). Survival was not significantly different (P = 0.48712) when three treatment groups were compared: (I) conservative root surgery (aortic root and valve preservation, n = 126) (II) composite graft replacement of the aortic root (n = 50) (III) isolated aortic valve replacement with supracoronary graft replacement of the aorta (n = 23) [12] . Univariate significant predictors for late mortality were: age (P = 0.0580), suture resuspension of the aortic valve (P = 0.0366) and use of IABP postoperatively (P = 0,0007). Independent significant predictors of late mortality were: duration of hypothermic circulatory arrest (P = 0.0341, relative risk 1.0307/min), perioperative infarction (P = 0.0321, relative risk 3.9884), postoperative IABP (P = 0.0032, relative risk 24.1103).
Cause of death (root/valve replacement group vs. root/ valve reconstruction group) was: low cardiac output, 7 versus 14 (P = 1.0); myocardial infarction, 0 versus 1 (P = 1.0); hemorrhage, 5 versus 10 (P = 0.9998); sepsis, 1 versus 5 (P = 0.6566); neurologic disorder, 4 versus 12 (P = 0.7584); sudden death, 1 versus 1 (P = 0.5319); malignant tumor, 1 versus 0 (P = 0.3134); other causes, 2 versus 4 (P = 0.9901).
Frequency rates and actuarial results of follow-up variables (overall reoperation rate, rate of AV reoperation, survival, freedom from all reoperations, freedom from aortic valve reoperations, freedom from late events) comparing four treatment groups (valve/root replacement vs. valve/ root preservation; suture reconstruction of aortic root versus GRF-glue reconstruction) are indicated in Fig. 3 and Table   2 . Parameters of the early postoperative period and the late follow-up are listed in Table 3 .
Reoperation
After a mean postoperative interval of 34.6 ± 35.2 months a total of 22 reoperations had to be performed on the aortic root and the aorta including their side branches (Table 2) . After suture resuspension of the aortic valve late composite graft replacement of the aortic root had to be performed in three patients (25%). Following glue reconstruction of the aortic root 11 patients (9.7%) were reoperated at the level of the proximal aorta. Composite graft replacement of the aortic root was performed in four patients, and mechanical valve replacement in seven patients including a separate replacement of the ascending aorta in three of them.
Resuspension of the aortic valve was a significant predictor for reinterventions on the valve in univariate (P = 0.0119) and multivariate analysis (P = 0.0221, relative risk 4.7130).
Discussion
In acute ascending aortic dissection surgical mortality and morbidity [8, 9] remained considerable despite numerous diagnostic and therapeutic improvements over the last decades. In the present series, early mortality was 23.6% paralleling many reports in the literature [8] [9] [10] [11] . This unchanged fatality may reflect an increasing number of high risk patients referred for an emergency operation which presents an unchanged challenge to the surgeon.
The proximal aorta is the primary target of the emergency intervention in order to prevent death from complete rupture of the dissected aorta and from heart failure due to acute and massive valve regurgitation.
Aortic root replacement
In this case, 15% of the patients presented with an acute ascending aortic dissection, therefore, root replacement was mandatory due to clear annuloaortic ectasia or Marfan disease [12] [13] [14] [15] . Whether root replacement with preservation of a morphologically normal valve can be recommended under these conditions remains to be answered [16, 17] . In recent reports [12, 14, 18] , good early and late results following composite graft replacement of the aortic root in acute dissection were presented. A low risk of late reinterventions on the proximal aorta could especially be emphasized. In contrast Lytle et al. [19] documented significantly inferior late survival following composite graft insertion compared with the replacement of the ascending aorta alone or in combination with separate aortic valve replacement. Except for Marfan or annuloaortic ectasia he recommends avoidance of composite graft implantation in acute dissection. In his series 43% of late deaths were sudden or due to aneurysm rupture which is possibly related to sequelae of anticoagulation.
Preservation of aortic valve and/or root
Preexisting and relevant morphologic changes of the valve cusps and the annulus or a bicuspid calcified valve indicate replacement. Successful repair techniques for otherwise normal bicuspid valves and in absence of acute dissection have been described [20] . In the majority of patients valve morphology and root dimensions are in the range of normal (Table 1 ). In these situations valve insufficiency is only related to commissural detachment by the dissection process. A certain increase in external diameter of the ascending aorta is also caused by dissection. The false lumen is distended by perfusion pressure creating an acute aortic ectasia with a mean external diameter of 59.8 mm in the present series (Table 1) . Aortic dimensions can be expected to return to normal values after corrective surgical treatment. In marginal findings of aortic dimensions and/or valve function a rapid decision has to be made concerning aortic root treatment. Technical difficulties of a more aggressive replacement procedure have to be weighed against potential failures of conservative techniques. One of the key questions in this study was whether preservative surgical techniques for the aortic valve/root are practicable and reliable and whether it is safe to leave a patient with a repaired but dissected aortic root.
Differences between groups
In the present series (n = 199) 126 patients (63%) had reconstructive root surgery including 114 GRF-glue reconstructions and 12 suture reconstructions with commissural resuspension of the valve. The remaining 73 patients (37%) served as a comparison group including 23 patients with replacement of the aortic valve and the supracoronary aorta, and 50 patients with composite graft replacement of the aortic root.
The retrospective analysis of our data may be responsible for certain limitations and the statistical and predictive power are restricted by the non-randomized study design. In indefinable situations the choice of the operation technique was at surgeon's discretion.
There was no survival difference between the reconstruction-and replacement group. A similar finding was made by Fann and Jex [11, 15] reporting no significant differences in survival according to the management of the aortic valve. Considering different reconstruction techniques, in our series suture resuspension and the gluing procedure, had an almost identical survival at 2 years of 65 and 67%, respectively. Good early and late results of local GRF-glue application at the anastomotic site of dissected aortic wall could be demonstrated by Guilmet [21] , Fabiani [22] , Bachet [23] and Niederhäuser (publication accepted for Ann Thorac Surg). The tissue adhesive allowed firm readaptation of dissected aorta. Anastomotic suturing was easier and allowed to abandon the inclusion technique, a significant predictor for early mortality in our patients. In the present study we could also demonstrate the safety and reliability of GRFglue for aortic root reconstruction in acute dissection. The gluing technique allowed anatomical repositioning of dissected valve commissures without the need of sutures and avoiding potential flow disturbance by intraluminal foreign material. The glue-reconstruction was additionally secured by the circumferential graft suture line at the level of the sinotubular junction and finally by the intraluminal pressure of an antegrade, axial blood flow. During the follow-up of our patients reoperation-free and event-free survival did not differ significantly between valve/root replacement and preservation. Following conservative valve surgery the reoperation rate on the aortic valve was only insignificantly increased. Similar results advocating valve preservation were reported by other authors [11, 15, 24, 25] . In the present study different reconstruction techniques were additionally evaluated. GRF reconstruction showed significantly better results compared with suture resuspension which was the only independent predictor for aortic valve reoperation. Following the gluing-technique the rate of all reinterventions (reoperation on aortic valve, aortic root, ascending and distal aorta) was significantly smaller (10 vs. 33%) and reoperation free survival (89 vs. 61% at 2 years) was increased. The same was true for event free survival (77 vs. 41% at 2 years) and for reoperations concerning only the proximal aorta including the aortic root (92 vs. 70% at 2 years).
Conclusions
We conclude that surgery for peracute type A dissection still carries a considerable early risk. Preservation of the aortic root is safe in absence of Marfan or annuloaortic ectasia, but a certain incidence of reoperations on the aortic valve and the aortic root has to be accepted. Root reconstruction using GRF-glue is the method of choice and is superior to suture resuspension, with a significantly better reoperation-free and event-free survival.
